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INTRODUCTION

Vo

This report submitted by Aeronca “anufacturing Corporation to
the George C, Marshall Space Flight Center, NASA 6 Huntsville,
Alabama covers the work accomplished on Contract NASB.5221 for

the third calenrndar month of this program, April 1963.

The following items are included:
1. Total engineering hours expended during April 1963 were 263,
fansleni thermal analysis and parametrtc studies for
SK 60-2820001 and 30M12571 Heat Shield Parels.
3. Structural Analysis for S-1C heat shield panel 30M12571

based on revised loads information,
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® TRANSTENT THERMAL ANALYSTS FOR S-1C HEAT SFIELD PANELS
I. TNTRODUCTIOR

Presented in this section are the transient heat transfer analyses of the

Saturn base heat shield panel for design drawing Nos. 30M12371 and

SK 60B-20001. All analyses are three-dimensional in nature and are based
on the heating rates and surface temperatures per NASA Huntsville data-of
£a5~63 5 2-11-63] Fig.l?' Inciud;d are the maximum temperature profiles

of the edge attachment schemes for the two panel designs. The temperature
profiles presented are for the condition of 100% brazing alloy node flow

in the honevcomb Support structure. All other assumpticns and gpround’

ich govern the analysis are presented in Section iII.

In addition to the thermal analyses of the two panel concepts, a set of
. ‘parametric curves is presented i{llustrating the temperature differentials
across the honeycomb Support structure as a function of brazing node flow
size, cell dimensions and M-31 reinfofgement honeycomb dimensions, While
these parametric studies are confined to the dimensions bounded for the
most part bv the dimensions of the panels considered, they do present the

possible trade-offs that could be considered for possible panel design

optimization from thermal coneiderations,

* NASA Data, Figure 2, Estimated Temperatures of S5-1C Heat Shield Panel

Attachments, 2.11.63 M.PAVE PH 2h--A3,
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METHOOS OF ANALYSIS

Aeronca has developed a digital computer program which has general
applicability to thermal analysis of high temperature structures. For
purposes of analysis the structure is represented by a set of spatially
distributed points or nodes. The temperature of each node is determined

by gsolving the generalized heat halance equation in finite difference form:

4 A'T’ Ce '
E‘E:JpVCP[Q)’LQ _2‘ /7,’;-7:}} v

Tj' and Tj represent the temperatures at the end and beginning of

the time step, respectivelv. The parameters Q''" and Qg represent
J

volumetric heating and incident surface flux, respectively. Uij

is the thermal conductance between node i and node j. The program does an

iteration for T' and re-evaluates temperature depeﬁdent functions

(radiation coefficient, etc.) on the temperature at the midpoint of the

time step. This is the sc~called Implicit Method.

The program tan use the Lxplicit Method, in which T!' and T are the same
as the Implicit Method. The heat balance equation will become explicit

in T

' AT | o (2)
T -7 = =5 S TT]

i fVCPC\)+Q U( )
There is now a limit on the length of time stepdf'wh1ch Lhe program cal-

culates and is given by A'f=PVCF/U’-J: and taken sc¢ that the expression

f:‘“QP/Qj,, is a minimum for the entire nodal system.
)
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The expression used te evaluate zerc-volume nodes (surface) and steady-

state calculafions is
é ( s iFi 7 ‘
2 U (T T) @m0 @

%hs parameters Q'g' and Qg are the same as defined previously.

The thermal conductance term, Uij is used in three basic forms: :
{1) solid to sclid conduction, with contact coefficient; (2) solid to

solid radiation, with radiation coefficients and (3) solid to filuid,

with conduction and film coefficient.

There are several important features in this computer program, The amount
of data necessary to run a problem is quite large and would include such
things as: (1) time, boundary temperature tahles; (2) time, rate tables;
(3) Nusselt number correlation tables; (4) material property tables;

(5) node description data for ecach node; and (6) connecticn data for

each node, Although a large amount of input data 1is necessary, the
engineer requires little or no knowledge of computer programming or
techniques to use the program, Use of stacked storage is employed rather
than the bulkier reserved storage, so that problems with greater than

1000 nodes can be run.

The program is divided into five chains: Chain I‘accepts data in a form

which is easy for the user to prepare and stores it for further processing--

in other words, Chain 1 is just to input the problem; Chain 2 processes

data from.Chain 1 into a form which the program can use; Chain 3 takes
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this precessed data and performs the computation of Egquations 11} or
(2); Chain 4 is an editing chain which will, (1) give a time-temperature
history if requested, and (2) if the run is pulled for time, punch the
current temperature distribution or decimal ;ards so that the run can be
lgg; restarted; Chain 5 sets up change caseS. A more detailed description of

the program i8 presented in Reference 1,

A second method of heat transfer whichk was employed was to assemble "n"
heat bHalance equations, one for cach temperature point in thd panel and
for given time intervals and time dependent houndary conditicns use the

Gauss-Seidel iteration method to determine the unknown temperatures.

This process is repeated for each time interval until the desired

transient analysis is complete,

The general form of the heat balance equation for one peint in the panel
for a single time interval is given below,

Thermal Storage - Convection + Conduction -

é
.B.Y-g— I\ o [ H""
AT (T‘T)‘2 AX Ak 4, L (7/}'7—)*
n3y A+ —+ —+t 7
Fluid flow input +

(W_{WNC (Ty-T) +

Surface Flux

"

Solid Radiéfion -
z )
4 ,‘f]
ZZ cpRee[ n-T

Ref, 1 - BR-638, "A Transient Heat Transfer Computer Analvsis for Space Vehicle
Application"”, W. Niehaus, R, Criss, R. Cannizzaro, February 1963
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vitv and densitvwere ased, The eftective thernal conduet iy i

is equal to the sum of the paraliel conductances divided by the

total panel heat tlow arca,

2. Tre temperature difterential acress the honevcomb support structre
facirrs wis conusi lered small ard the unit conductance ‘1 /x) was
substituted as a centact cootiicient !\* account for ther.al <o -
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1.0" Thick Core
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1.0" thick core
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razre Allov Time Murar ion
Panel Con{ { ira ien Cede tew Uondition i __Sceends
SE AHOP2006GT 0. 6" Complete~-, 010" 50 155

Width

320

Zero

Completv--9,005" 280

120

Completoa.-3, 610"
Width

'Y

{low in the load bearing

fucing the thermal cradient and the res o oant
wiolor the 30012571 beat shield panel desion,

As a vesultof the therral analvsis porfermed on the two heat shield pancd
concepts. a parametric avalvsis was made which considered the efiecrs of
node flow widt® | cell dircusions. and V=31 reintorcing bonevoon! Tleor s
on the transicnt terperature divierentials Gores8s 10 LmonerComs support
Structure,

A caretful review of the thermal analvecs of honeveomb panels in the past
has indicated that the presesce of poed node flow with the use ob L
thermal conduct ivity :razing alloev is rhe protatle cause of the Bich rate

Iy,

b
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hounevcomt core ceils.  Surt metal v

the pancl taces which are .rders of maenitude better than that

gap within the cells and whici, at reasonacly low temperature levels

transfer censidera! 1w more thermal energy between pauel faces t

transferred Ly thermai radiatjor. 11
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‘ridges' offer conduction paths Letween

CoaLr

<

the thermal cenductivity of the

node-flow metal approaches that of silver, which is on tle order of 20
times that of a YHirte-nickel-rontent trazing llov, the node-:low conductance

path will e v tar the dominating fact:r in the trausmission of heat
through the panel.
Keference 2 presents an avalvsis of sample test data wherein it is

on the basis of a reasona le set of the

rotal b

shown,

at

passing throuvh the test panc!, 2.7 was by radiation between the pace!
{faces, 17.0 was ov condoer fonr tirouvh the core teil, and the resaining

e
;77,87

was tv conduction tlreust e Listagilve

While the exact mavnitude of thie nuriers mav Le suiioct (o some Gues:
on the tasis of the assumpticrs used in calcuiating them, the reiati
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A, Node Flow Fifeo:
Pigures n to 8 show tihw eficcts of Node Flow Width on the eftec: jve

thermal

pauel,

Figure
ductiv
flow w

width

Howewver,

from a

Figure

atove

conductivity of the honevcomi, the weight of the henevconb

and the temperature diff{erentials across the honevcomi: pancl,

Hosliows that in dou line the cell width the etffective c¢o

ity ot rhe panel is redoced v a facter of from .5-.4 for rode

idihs of avout 0,010", Also, it is evident that for a node flow

Qg.npare effective conducrivity Yrereases rapidio,

e} 5
e

with €his increase in flhernmal conduct ivi desira.le

thermul siressstandpoint, there is an increase weight,

in pane}

shows the trade-stt “etween effective honeveomb demsity aud

increase in effective conductivity as a {unctien of cell wideh and
node flow width. ier a sode flow width of 0,010 the per cent increase

in

devsity of

Po1S cell CL18RM cell widih, L0010

a heneveow' havirg a cell oS00
foil width) when suct. a ‘raze node {low is added is 217 of ' oricinal
density with uwo node {1ow, e per cent (Lerease in therval conduot -
vity, however, {s L1~ . In wvalues of densitv the increase would pgo
from 8,3 to 10.0. lv’f{'3 wh the conductivity would incroease from
30 BTV RErat e Fora V3RT ET Siracte b -

Figure 8 gives the offcct of pnode tlow width and cell widilh on too
temperatnure differenriale acress a 1.0V thick henevconmt pane]

{Panel Yo. 30012571 ). ?@» temperature ditferent ial decreouases with ar
increase in cotlh cell widrh and node flow wideh, Phis st b
expected since an corcass in oot er of theso incrcasesthe rifoct fvp
thermal conduct ivit acress oo pane!l,
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Cell bep'his

In Figure @ the temperature differentials are riven across:the heaneyecomb

as a fimcdnof coll depth ard voade tlow widtd for a constant rell size

AT * . : A
of 4-15 (%" wide and 0,0015" f¢il thickness), Tt is quite evident

that for ary one cell depth, the temperature drop across the honove

comb decreases with an increase in node {low width, Also. tor a

counstant neode flow width the & . approeaches zew as the cell depth is

decreased, as would ‘¢

It should " pointed our here that parameters congtant

and decreasiug the cell depth increases the tack face {cold siden

temperatur- of the honewcomt panel.,  This is due largely to the fact

that the toandarvy conditions are the gsame so that there is less rotal

mass to a’sor: the sgame amonnt of heat

ML Reintoreis

Figere LU pives the temperature proliles for the heat shicld pane’

No. J0MI2001 as a furcotion of variaible =31 reinforcement cell width,

The cell size was varied from »-15 to 4-1%, respectively, As is
evident from rhe curves there was no voticea le efifcct on the towpera-

turce distribut jon in the coembs o structure,  Althourt net shown on
the curves, a sli.ht variance was noted in the temperaturces 5 and
oo o but o was of suct maenittude {0 100y e to omake It onegligi e,

° -




1A
g

pilli“

~Re i

I

i}

it

iy

&

i
I3
{34

jRa%s

+

T

by oa)

-

AT

o

.

T

T

(=€)

MENLEEF 9 FEREH €O
10 X 10 10 LHE CW’

WEURIARTE Y

2o-1¢




el

¢

e

1

S
+ L

£

=<

KENLEDF & E2REi CO°
10X 10 JO LKL CW'

KYZEtR N2y

3t




Page 20
K- 669

i

EgEsy

Lol

T

1T
BAS EAN

i

17

i

3T

I#M KENELEr @ ER2EN CO WYDE UMM & ¥
10 X 10 10 LHE \ IMCH  328-) |




REVISIONS

FORM 4040
(FORMERLY EN-12)

PREPARED BY

CHECKED BY

"AERONCA MANUFACTURING CORPORATION 21

DYP FaGE_ = b

MIDDLETOWN. OHIO .
ER- 669

APPROVED BY

REPORT

CJG RAD (0 S-10 AT SaELD PASLELS

SECTION

v\’

0. rtiriation Rélat ine re

Parametric Sradies

SUE plemes:ar

The temperat re protiles given in Figures 11 to 23 were the Lasis

for the preceding perametric analvses., Yigure 264 shows in tabular

form the characteris: ics ot the three honevcomb pancls that served

as the models tor the parametric analvses,

NTSCYVSSTON

The methods of thernal analvsis and the desiyn point avalveis presented

here have tcon discussed previcnsiy (Kef, 3 and have been given to
p :

consolidate the tlermal aralvsis and its results into a single unit

for refercuce.

Tn reference 'o toe infermation civen in the seciion on the parawme! ric
analyges, it should e poivted oot that the curves can e used most

accurately in predicring the tfrend or trade-oifs that occur for anv ore

set of cell dimeusions, This s espesialiy so when prodict ing the vrtecr
of nede flow widti on temperature dittorentials acress the Ponceveom panel,
Tt is quite evident from the curves tihat the node flow size is of prime
consideration,

it should alse e noted here tr the Aob (T Ex tor the 4.1 el o haoing

0.010" node fiew width in peare A odite Lo

PV 0L for thie desion opant (-0 G e diftfvrence is d e to a retinement
coosppdue s il N N Gne Leon anci Wi was coade
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